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' — ^ (57) Abstract: Disclosed is an electronic detonator delay assembly (24), having an associated detonator (12), that can be pre-pro- 
granmied on site with a time delay and installed in a borehole to carryout a blast operation. The assembly is first coupled to a 
programming unit (50) to program the desired time delay, and then to a blasting unit (100), by means of a magnetic coupling device 
(24) in the electronic delay assembly and to a single pass of a conductive wire (22) through the magnetic coupling device. The 
progranmied time delay in the electronic delay assembly can be double checked through a wireless communication link (6) between 
the electronic delay assembly and the programming unit. 
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SYSTEM FOR THE INITIATION OF 
ROUNDS OF INDIVIDUALLY DELAYED DETONATORS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] This invention relates to the detonation of an explosive device and, more 
particularly, to the control of a plurality of detonators having varying detonation delays. 
Description of Related Art 

[0002] In the blasting of rock in mining, quarrying or construction operations, it is 
necessary to place discrete explosive charges within boreholes drilled within the mass of the 
rock, such that the detonation of each individual charge can act effectively on the rock to both 
fracture and move the rock, without producing levels of vibration in the surrounding rock 
sufficient to cause damage or nuisance to an adjacent property. It is, therefore, necessary to 
utilize an array of blasting caps or detonators, with one or more plates within each individual 
charge such that each charge fires in a pre-determined sequence and with such a time delay 
interval between other charges that they fire independently of each other, 
[0003] At present, it is common to use blasting caps (detonators) with different delay 
periods produced by the burning of pyrotechnic delay elements of various lengths and with 
varying compositions such that the time between the blasting cap receiving a firing signal and 
the detonation of the base charge can be determined during manufacture within certain 
tolerances. Such initiation systems have several problems associated with them. Since 
different detonation delays are required, it is common to provide a large number of blasting 
caps (detonators) with different time delays. For example, thirty detonation delays, in 25 or 
30 msec increments, are common in the industry. The desired time delay is determined for 
each borehole and the detonator (blasting cap) possessing the desired time delay is installed 
in the borehole along with the charge. Moreover, the lead wires that connect the detonator to 
the top of the borehole are typically hard-wired to the detonator and the length of the lead 
wires must vary for the various depths of the boreholes. Ten or fifteen separate lead wire 
lengths are usually manufactured to meet the need of differing depths of boreholes. As a 
result, an installer must have available a multiphcity of detonators, up to 400 different 
versions or units, possessing the various combinations of available time delays and various 
lead wire lengths, and install a particular detonator (time delay/lead wire length) in each 
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borehole. The mventory required of the various time delays/lead wire lengths for the various 
detonators is quite large. Moreover, lack of the correct delay time or lead wire length can 
result in the use of an inappropriate detonator to initiate a particular charge or group of 
charges. The delay timings are set dviring manufacture, which limits the scope of obtaining 
the most efficient or appropriate timing of the charges within a particular blast. Indeed, due to 
the limitations inherent in the manufacture of such pyrotechnic delays, blasting caps or 
detonators of the same nominal delay time can vary quite considerably. The effects of 
temperature, humidity, age, storage, and handling all contribute to degradation in the 
accuracy of the delay time actually produced at the time of actual detonation. This can result 
in out of sequence firing of the individual explosive charges, which can produce fly-rock, 
poor fragmentation of rock, and/or high levels of ground vibration and air blast. 
[0004] Electric blasting caps or detonators will initiate the detonation of an explosive 
charge if it is supplied with sufficient electrical energy from a source. Of necessity, the 
energy levels required are relatively low. Stray electrical energy fi'om radio transmissions, 
static electrical build-up, earth leakage firom faulty equipment and nearby lightning strikes 
have all been responsible for premature detonation of electric detonators. Non-electric 
systems have been used to overcome most of these problems, but they suffer firom the 
drawback that it is impossible to test that the circuit is intact and correctly connected prior to 
attempting to fire the blast. Even with electric detonators it is impossible to check the 
functionaUty of the delay element. As a result, a small proportion of detonators will misfire, 
producing the hazardous situation where unexploded explosives remain hidden amongst the 
rock pile without anyone realizing that they are present. 

[0005] Other means have been used to improve the safety and reliability of the electric 
delay detonator, includiug a transformer coupling which resulted in a much simplified 
method of connecting the detonators into the firing circuit while at the same time overcoming 
many of the problems due to stray electrical energy and current leakage. Devices known as 
the "Magnadet" detonator allowed for a significant reduction in inventory to be made by 
providing a system where lead wires could be coupled to a standard shot-length detonator 
unit in the field. See, for example. United States Patent Nos. 4,297,947 and 4,425,849. 
However, the problems associated with delay time accuracy can only be addressed by moving 
away firom traditional pyrotechnic delay systems. 

[0006] Although not yet routinely applied in mining and quarrying operations, the use of 
electronically timed detonators does provide a solution to the problems of delay time 
accuracy and the ability for the bleister to determine the delay time of each unit. See, for 
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example. United States Patent Nos. 4,324,182; 4,409,897; 4,646,640; 5,189,246; 5,282,421; 
5,406,890; 5,520,114; and 5,602,713. Although inventory levels are reduced due to the 
absence of pre-set or nominal delay periods, the requirement for manufactured lead wires of 
different length and/or special connectors creates new problems with stocking the correct 
components and having the skilled personnel available to correctly employ special connectors 
to provide a reUable electrically competent connection. 

[0007] Other relevant patents include United States Patent Nos. 5,460,093; 5,295,438; 
5,214,236; 4,893,564; 4,860,653; 4,674,047; 4,601,243; 4,586,437; 4,311,096 and 4,145,970. 
[0008] In summary, there is a need for improved timing accxu:acy of blasting caps or 
detonators together with a need for an abiUty to set the nominal delay time of each detonator 
appropriate to its location within tihie blast in order to obtain more controllable rock 
fragmentation and displacement and the reduction of undesirable ground vibrations. Also, in 
order to improve safety and reliabiUty, it would be beneficial to minimize the susceptibility of 
electric blasting systems to extraneous electrical stimuli, while simplifying the connection of 
the devices into the blasting circuit, and being able to use standard, readily available cabling 
and connectors. Reliability could be further improved by being able to test the functionality 
of each blasting cap prior to it being incorporated into the blasting circuit. Ideally, a single 
programmable detonator or blasting cap with a simple, reliable means of connection into the 
blasting circuit would ensure that the most appropriately timed detonator will be correctly 
located within the blast, in order to provide the most efficient method of blasting. It would 
also be extremely cost-effective to reduce the detonator inventory to only one basic 
programmable detonator unit which can be connected into the blasting circuit, at any desired 
position, by reels of readily available standard insulated conductive wire. 

SUMMARY OF THE INVENTION 
[0009] Accordingly, we have developed an electronic delay assembly which can be 
connected to an explosive detonator and effect the firing of the detonator in a controlled 
maimer. The electronic delay assembly in accordance with our invention includes a magnetic 
coupling device having an opening therein configured to receive a conductive wire extending 
therethrough. The magnetic coupling device generates output signals based on currents 
passing in the wire. The assembly also includes a system power reservoir connected to the 
magnetic coupling device and storing electrical energy therein based on power signals 
passing in the wire extending therethrough and generated by the magnetic coupling device. 
The assembly also includes a microprocessor which has intemal common nonvolatile 
memory therein and which receives its operating power from the system power reservoir. The 
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assembly also includes a decoder which is connected to the magnetic coupling device, which 
decodes communications signals passing in the wire extending therethrough and generated by 
the magnetic coupling device, and supplies those decoded communications signals to the 
microprocessor, hi addition, the assembly includes a trigger circuit coimected between the 
system power reservoir and a fuse head in the explosive detonator for supplying, under the 
control of the microprocessor, electrical energy from the system power reservoir sufficient to 
fire the detonator connected thereto. 

[0010] ha a preferred embodiment, the assembly further includes a wireless 
communications link connected to and controlled by the microprocessor. The 
conmaunications hnk provides infomiation regarding the current status of the operation of the 
microprocessor or data stored therein. For example, the wireless communications link can be 
an infrared light emitting diode. In addition, the commimications signals passing through the 
wire and generated by the magnetic coupling device can include timing signals from an 
external programming device. The timing signals are stored in the nonvolatile memory of the 
microprocessor and form a detonation time delay for the electronic assembly. With the 
wireless communications Hiik, the detonation time delay stored in the microprocessor can be 
supplied back to the programming device through the communications link to confirm the 
accuracy of the detonation time delay provided to the microprocessor. 

[0011] The power signals generated by the magnetic coupling device can be supplied to a 
power rectifier which suppHes its output power to the system power reservoir. In a preferred 
embodiment, the power rectifier is a full wave diode bridge rectifier. In addition, the system 
power reservoir can be a capacitor and the decoder can be a pulse discriminator. A preferred 
magnetic coupUng device for the present invention is a toroidal transformer. 
[0012] The assembly can further include a clock that supplies timing signals to the 
microprocessor and a power regulator that receives power from the system power reservoir 
and supplies regulated voltage to the microprocessor. A low voltage threshold can be 
provided to monitor the voltage on the system power reservoir and supply this voltage to the 
microprocessor, such that if the voltage on the system power reservoir drops below a 
predetermined value, the microprocessor will fire the trigger circuit and supply power to the 
fuse head, only after a valid fire message had been received. 

[0013] The trigger circuit can include a pair of switches linked together in a way such that 
both switches must be activated by the microprocessor before power is suppUed from the 
system power reservoir to the fuse head. In one embodiment, the trigger circuit can include 
four circuits that form a pair of switches, including a high side hard drive, a low side hard 
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drive, a high side soft drive and a low side soft drive. In one embodiment of the assembly, the 
communications signals passing through the wire and generated by the magnetic coupling 
device include test signals for testing the functioning of the four drives in the trigger circuit. 
In this manner, if any drive has a fault therein, the assembly will not accidentally trigger the 
passage of power to the fiise head and cause an accidental explosion. 

[0014] In a preferred embodiment, the conamunications signals passing through the wire 
and generated by the magnetic coupling device mclude timing signals which store in the 
nonvolatile memory of the microprocessor a specific detonation time delay and, thereafter, 
include control signals for activating the electronic assembly to fire, at the pre-programmed 
time delay, a detonator attached thereto. 

[0015] We have also invented a method of programming a detonation time delay into the 
electronic delay assembly described above as well as a method of conducting a blasting 
operation using the electronic delay assembly discussed above and a detonator attached 
thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] Figure 1 is a perspective view of a programmable electronic delay detonator in 
accordance with the present invention; 

[0017] Figure 2 is a block diagram of the electronics portion of the progranmaable 
electronic delay detonator shoAvn in Fig. 1 ; 

[0018] Figure 3 is a circuit diagram of the electronics portion of the programmable 
electronic delay detonator shown in Fig. 1 ; 

[0019] Figure 4 is a flow chart of the software in the electronic delay detonator; 

[0020] Figure 5 is an additional flow chart of the software in the electronic delay detonator 

software program; 

[0021] Figure 6A is a perspective view of a handheld programmer in accordance with the 
present invention; 

[0022] Figure 6B is a schematic diagram of the protective chamber m the handheld 
programmer shown in Fig. 6A; 

[0023] Figure 7 is a block diagram of the electronics portion of the handheld programmer 
shown in Fig. 6A; 

[0024] Figure 8 is a perspective view of an electronic blasting imit in accordance with the 
present invention; 

[0025] Figure 9 is a block diagram of the electronics portion of the electronic blasting xmit 
shown in Fig. 8; 



wo 02/099356 PCT/US02/18157 

6 

[0026] Figure 10 is a schematic diagram of the electronics portion of the electronic blasting 
unit shown in Fig. 8; 

[0027] Figure 1 1 is a flow chart of the software in the electronic blasting unit; 

[0028] Figure 12 is a diagram of a system wired in the field with a blasting unit and a 

number of programmable electronic delay detonators in accordance with the present 

invention; 

[0029] Figure 13 is a diagram of the current waveform within the blasting loop; 

[0030] Figure 14 is a diagram of the two waveforms that represent a binary 0 and a binary 

1 on the blasting loop (carrier timing); 

[0031] Figure 15 is a diagram of the formation of an asynchronous byte; and 
[0032] Figure 16 is the waveform plots of a typical message time sequence. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0033] A review of the overall system of the present invention will be discussed before 
referring to the drawings, which show the details of the various elements of a preferred 
embodiment of the system and its operation. The heart of the system is an element referred to 
as the programmable electronic delay detonator, also referred to as a detonator. This 
detonator is programmed by a handheld programmer which receives the detonator and 
programs the detonator with a desired time delay for detonation. Aq element on the detonator, 
preferably an infrared sender, communicates the programmed delay to the programmer and 
confirms that a particular detonator has actually been programmed with the desired delay. 
After the detonator is powered-up and before the time delay is programmed therein, certain 
tests are carried out in the integrity and operabihty of the device. 

[0034] The programmed detonator is then installed into a borehole for a particular 
explosive charge. A pluraUty of similar detonators are programmed with a desired delay, 
specific for each particular borehole, and installed in place. All of the detonators are wired 
together to a blasting unit, also referred to as a blaster, which controls and conducts the final 
detonation of the various detonators and, thereby, the explosive charges in the boreholes. 
Since the nimiber of detonators and length of wire vary in each situation, the blasting unit 
first determmes the electrical characteristics of the detonators and wires connected to it and 
makes appropriate system adjustments accordingly. The blasting vmit then sends a signal to 
power up all of the detonators. Certain tests on the integrity and operability of the various 
detonators are carried out. Control signals are then sent by the blasting unit to initiate the 
blast operation in the desired sequence. 
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[0035] An importaat feature in the detonator is that it is coupled to both the programmer 
and to the blaster through a magnetic coupling device, such as a toroidal transformer. This 
forms a current coupling, rather than a voltage coupling, to the detonator. In this maxmer, no 
lead wire must be pre-installed to the detonator. Instead, a wire is passed through a hole in the 
magnetic coupUng device (transformer), and the programmed detonator is lowered into the 
borehole. In this manner, the length of wire needed to install the detonator is cut at the site for 
a particular depth/length of the borehole. Moreover, the detonator is programmed with 
desired delay at the site by the programmer. Therefore, each borehole can have a detonator 
installed therein with a desired time delay by merely carrying around a programming unit, a 
plurality of identical, vmprogrammed detonators, and a spool of wire. The plurality of 
programmed and installed detonators are connected to the blasting unit by forming a wire 
loop at the surface by connecting the lead wires attached to each detonator into a loop. 
[0036] One embodiment of a programmable electronic delay detonator 2 in accordance 
with the present invention is shown in Fig. 1 . The device in Fig. 1 is proposed as a stand 
alone timing and detonation device. The electronic delay detonator 2 includes an electronic 
assembly 4 which has an electronic circuit board (not shown), an infrared light emitting diode 
(LED) 6, a pair of conjiection wires 8, and a rovmd hole 10 intended for passing a wire 
therethrough. This group of components is potted in a cured compound in order to form a 
round cylindrical puck-shaped assembly 4. The pair of wires 8 are attached to an electric 
detonator or blasting cap 12, preferably with no delay within it (an instant electric detonator). 
The electronic assembly 4 constitutes an electronic delay and firing device, and the instant 
electric detonator or blasting cap 12 constitutes a charge initiation device. The entire 
detonation unit 2 will be used to accept a delay and initiate an explosive firing of an 
explosive charge. 

[0037] When the electronic delay detonator 2 is implemented in the final installation, it 
will have a single conductor of wire passing through the center hole 10 in the electronic 
assembly 4. This one wire will carry sine wave currents that will provide both power and 
commimications signals to the device. The detonator 2 may in some cases be connected to a 
programming device that will set and read delay time values. This programmer is described 
later. In another use, the wire may be powered firom a blasting unit that will initiate firing 
procedures. This blasting imit will be described later. 

[0038] During some detonator operations, it is necessary to receive a response firom the 
electronic delay detonator 2. In this case, a message or signal will be transmitted fi:om within 
the electronic assembly 4 via the infrared LED 6 that is a part of the unit. This signal will be 
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received by an external device which will then indicate key parameters that have been sent 
from within the detonator 2. 

[0039] The electronic delay detonator 2 has as a component the instant electronic detonator 
or blasting cap 12. This blasting cap 12, a small explosive charge, h£is no built-in chemical 
delay. It is incumbent upon the electronic assembly 4 to meter out the prescribed time delay, 
at which point the electronic assembly 4 will initiate the firing of the instant electric detonator 
12. It is expected that the electric delay detonator 2 will explode within a very brief period of 
time. 

[0040] Referring to Fig. 2, a block diagram is shown of the electronic aspects of the 
electronic delay detonator 2 shown in Fig 1. This device is comprised of a power section 14, 
a fuse head (electric detonator) circuit 16, a power regulation circuit 18, the infrared LED 
circuit 6, and a microprocessor 20. The single pass of wire 22 from an external device as 
described above is passed through the center of a magnetic coupler, such as a toroid with a 
number of turns on it, which together form a toroid transformer 24. The current that passes 
through the primary (the single pass through the primary) causes a current to flow in the 
secondary formed of the turns of wire. A power rectifier 26 then rectifies this signal into a 
rectified DC waveform. This rectified waveform forms the basis of the pulse discriminator 
28. The current is ttien deUvered to a system power reservoir 30, such as a capacitor, which 
holds enough voltage charge to power the microprocessor 20 and fire a fuse head 32. The 
voltage on the system power reservoir 30 may reach as high as 30VDC. This voltage from the 
system power reservoir is then delivered to a low quiescent current voltage regulator 34, 
which provides a low voltage for the microprocessor 20 and other circuits. It is designed to 
draw relatively low current in order to extend the delay times that can be achieved from the 
system power reservoir 30. The reservoir voltage is also delivered to a low voltage threshold 
circuit 36, which allows the device to detect that the reservoir voltage is either above or 
below a fixed detection threshold. The reservoir voltage is also delivered to a fuse head 
circuit 38, which is specifically designed to perform two tasks: to test itself and the fuse head 
32, and to fire the fuse head 32. Under control of the microprocessor 20, the fuse head circuit 
38 detects the presence of any one defect within the circuit 38. In this way, the device can 
quickly determine if there is a hazardous situation due to a defect in materials or 
workmanship. If this set of tests is passed, and other appropriate trigger events occur, the fuse 
head circuit 38 is then capable of coimecting the system power reservoir 30 directly to the 
external fuse head 32 in order to initiate a firing. The input circuit also incorporates a pulse 
discriminator 28 which detects the presence or absence of a main carrier frequency, and 
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passes this conditioned pulse data through a communications bit stream 40 to the 
microprocessor 20. This is the channel by which messages can be delivered from the outside 
world into the microprocessor 20 within the device. There is also an infrared light emitting 
diode (LED) 6. This device, when pulsed with an appropriate stream of pulses by the 
microprocessor 20, will generate an infrared signal from within the device. This infrared 
signal can be detected from outside of the device, and the detonator 2 can therefore deliver 
status messages from within the detonator device to the outside world. This infrared LED 6 
could also be performed through a similar RF or other wireless means. At the center of the 
device is a microprocessor 20 which incorporates a central processing unit, as well as 
program memory, data memory, flash memory, and input/output pins. The microprocessor 20 
is programmed with a software program which, when interpreted by the central processing 
unit, causes the device to process messages and perform timing and detonation functions. The 
flash memory section is nonvolatile in nature, meaning that a loss of power (expected in the 
normal course of use) will not erase the saved data. This area is used to save data such as the 
current time delay, and possibly a serial number. A 32KHz time base crystal oscillator 42 is 
connected to the microprocessor 20. This oscillator 42 allows the detonator 2 to have an 
accurate time base for delay time calculations, such that a number of such devices would 
produce relatively accurate time delays when used in unison. 

[0041] The detonator 2 includes the circuit as shown in Fig. 3. The device draws power 
and derives cormnunications messages through the toroid transformer 24. This toroid 24 has a 
large number of turns of wire on a ferrite core. One pass of wire 22 carries the power and 
conununications signals. A 5KHz AC waveform is then rectified in the power rectifier 26, 
including four diodes Dl through D4 to create a frill wave rectified version of the waveform. 
The pulse discriminator 28 detects the presence of the 5KHz carrier to derive digital data 
supplied to the microprocessor. A fifth diode D5 fiuther rectifies the current into the 
remainder of tiie circuit. In this maimer, clean DC is available to the remainder of the system, 
and yet the 5KHz carrier is supplied to the pulse discriminator 28. The current that flows 
through diode D5 is then collected in the system power reservoir 30, including capacitor CI. 
This capacitor CI holds as much as a 30V charge. A TVS diode D7, uicluded in the system 
power reservoir circuit 30, will clamp off the voltage at roughly 30VDC, so that the capacitor 
CI does not develop enough voltage to damage the circuit. 

[0042] A low voltage threshold 36, formed by resistor networks R13 and R14 connected 
between capacitor CI and ground, detects the voltage on the capacitor CI and supplies that 
information to the microprocessor 20. If the voltage on the capacitor CI drops below a certain 
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level sufficient for firing the fuse head 32, such as lOVDC, firing will take place at once 
provided a fire message had been previously received. A voltage regulator 34, which is 
cortaected to the capacitor CI, generates a lower 3.3 VDC signal to run the microprocessor 
20. This voltage regulator 34 is selected to operate at a very low quiescent current and yet 
operate on voltage as high as 30 VDC. The 32.768 KHZ crystal 42 connected to the 
microprocessor 20 allows accurate timing signals to be generated within the microprocessor. 
The infrared LED 6 is connected to the microprocessor 20 through a series current limit 
resistor Rl . 

[0043] The microprocessor 20 allows the interpretation and generation of communications 
messages, testing of the fuse head drive circuit 38, and accurate delay times to detonator 
firing. It was specifically chosen to operate at low currents and high accuracy, and also has 
the capacity for nonvolatile storage within. 

[0044] The fuse head circuit 38 is connected between the system power reservoir 30, the 
capacitor CI, and the fuse head 32 and functions, under tiie control of the microprocessor 20, 
as a switch to supply the necessary power to fire the fuse head 32, in order to ensure a safe 
operation, and minimize or eliminate accidental firing due to defects in the circuit. As shown 
in Fig. 3, the fuse head circuit 38 includes (a) a high side hard drive circuit, including 
transistors Q5 and Q4, acting as a Darlington pair, and resistors R4 and R6 and transistor Q3 
fimctioning as a level shift circuit; (b) a high side soft drive circuit, including transistor Q2 
and resistor R5, and resistors R2 and R3 and transistor Ql functioning as a level shift circuit; 
(c) a low side hard drive circuit including transistors Q7 and Q8, acting as a Darlington pair, 
and resistor RIO functioning as a logic interface; and (d) a low side soft drive circuit, 
including transistor Q6 and resistor R9, and resistor R8 functioning as a logic interface. 
Resistor R7 is a bias resistor in a test section. A resistor divider formed of resistors Rl 1 and 
R12 is attached to one leg of the fuse head 32. 

[0045] The main flow of software execution within the electronic delay detonator 2 is 
shown in Fig. 4. The detonator powers up as soon as loop cmrent generates voltage on the 
capacitor CI, and thus provides adequate voltage to the regulator 34. A counter counts the 
nxmiber of preamble '0' pulses that arrive at a data pin of the microprocessor 20. Only after a 
given number passes, will the program proceed. This is in an effort to allow voltages to build 
up and settle down on the capacitor CI before testing of the fuse head 32 begins, 
[0046] The fuse head circuit 38 is tested through software once at start-up. The software is 
shown separately as a block diagram in Fig. 5. As discussed above, there are four sets of 
transistors in the detonator circuit. One is a high side hard drive, one is a low side hard drive. 
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one is a high side soft drive, and the last is a low side soft drive. One of the legs going to the 
fuse head 32 has a resistor divider (Rl 1 and R12) attached to it. The voltage on the capacitor 
CI goes through a similar resistor divider (R13 and R14). These two resistor divider voltages 
then go into the microprocessor (20) where there is an analog comparator. If the fuse head 32 
were driven to half of the capacitor CI main voltage, then the resistors are chosen to allow 
equal voltages to be present at the comparator. To make testing possible, there is aa 
additional resistor attached to the comparator input (on the pin from the fuse head divider) 
that allows the microprocessor 20 to apply 0 and 3.3V bias voltages. Thus, the test voltage 
can be biased up and down from this center point, allowing the microprocessor 20 to 
determine that the fuse head voltage is truly near the center of the voltage span. The 
completed algorithm then works as follows. The high side soft and low side soft drives are 
turned on. The bias resistor is driven low. The comparator is tested for low. If it is low, the 
error for high transistor shorted or fuse head open is set. Then the bias is set to high. The 
comparator is tested for high. If it is high, then the low transistor is shorted. Then the 
transistors are cleared. The high side hard drive is turned on. The low side soft is turned on. 
The bias resistor is set to low. The comparator is tested for low. If it is low, then the error is 
set to high transistor open. Then the transistors are cleared. The high side soft drive is turned 
on. The low side hard drive is turned on. The bias resistor is set to high. The comparator is 
tested for high. If it is high, then the error is set to low transistor open. Once this set of tests is 
completed, the fuse head drive circuit 38 has been completely tested for any single point of 
failure. If the high side and the low side hard transistors are set, the detonator will go off. 
[0047] The software for the electronic detonator assembly 4 is shown in Fig. 4 as a block 
diagram. The unit begins operating when sufficient power has been delivered to provide 
voltage to the regulator. The software begins by initializing intemal registers. The unit then 
waits for approximately 500 msec, derived by counting the number of *0' pulses that arrive 
over the loop. This allows extemal voltages to build-up to a level adequate to perform testing 
of the fuse head circuit 38. The unit then performs the fuse head circuit test, as described 
above. The main execution loop then waits for received bits, and subsequent message 
formation and processing. When a bit is received, it is formed into a byte. A ' 1' bit must be 
received to indicate the start of a byte. When a byte is formed, the message system forms a 
complete message. When a complete message is formed, it is tested for validity, and an action 
is performed. If the message is a 'set new delay' command, the indicated delay tune is placed 
in nonvolatile flash memory in the microprocessor, read back out for confidence, and 
repeated back to the handheld imit over an infrared (IR) link. The message incorporates the 
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error data identified thus far, and a checksum for confidence. If the complete message 
constitutes a 'read current delay setting' message, then the value currently stored in 
nonvolatile memory is read out, and a message is sent back to the handheld using means 
described for the previous message. If a fire message is received, it can be a fire tag 1, 2, or 3. 
Whichever the case may be, a time-up phase is begun, such that all detonators on the system 
are synchronized together at the same time reference point. The unit then begins a timer 
based on the time that had already been stored in nonvolatile memory. When this time period 
expires, the detonator circuit is activated by turning on two separate transistors. Both of these 
transistors must activate to fire the unit. The fiise head 32 then ignites. 

[0048] The handheld programmer is designed to allow a user to interact with a 
programmable electronic delay detonator 2 as previously described, with the goal of setting 
delays, reading delays, and performing serial number functions. One embodiment of a 
handheld programmer 50 is shown in Fig. 6A. The handheld device 50 has an LCD display 
52 and keypad 54 on it to allow interaction with the user and display of information. A 
protective chamber 56 is provided within which the user can insert a single electronic delay 
detonator 2. The details of the protection chamber 56 and the insertion of a detonator 2 
therein is shown in Fig. 6B. The protective chamber 56 protects the user in the event that a 
detonator 2 is fired inadvertently, A protective cover 58 is provided on the handheld device 
50 and allows the complete covering of the detonator 2 within the protective chamber 56. A 
cover switch 60 verifies that the user has closed the protective cover 58 before any power or 
communication signals are applied to the detonator 2. The hole 10 in the electronic assembly 
portion 4 of the detonator 2 is placed over a conductive pin 64 and a loop circuit is completed 
by attaching wire 66 thereto. Foam padding 62, or the like, can be provided in the protective 
chamber 56, at least around the explosive portion 12 of the detonator, for further protection. 
Once the detonator 2 is properly inserted into the protective chamber 56, the user can initiate 
a detonator progranxming instruction. Power is applied through the current loop formed of pin 
64 and wire 66, and a communications message is delivered over the same. The detonator 2 
will perform various of the desired tasks, including the setting of a new delay, the reading of 
the current delay, or the reading of a serial number. In any of these cases, the goal is to 
receive a response from the detonator 2. The detonator 2 has an infrared LED 6 incorporated 
into it, which is directed to shine toward an infrared detector 68, which is installed in the 
handheld progranmier 50. This infrared detector 68 will receive a message and deliver it to a 
microprocessor within the handheld programmer 50. The message is interpreted for a specific 
meaning or for needed data, and this information is then displayed on the display 52. 
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Displayed messages may consist of indicating a defective fuse head circnit, a successful delay 
time programmed, a delay time tiiat is currentiy in memory, or a serial number as 
implemented in this unit. Batteries within the handheld programmer allow the unit to be field 
portable. 

[0049] As shown in more detail in Fig. 7, when the user installs an electronic delay 
detonator 2 into the handheld programmer 50, it is coupled to the handheld programmer 50 
through a single wire loop 70, formed by pin 64 and wire 66 in Fig. 6. Data coming back 
from the detonator 2 is transferred via an infrared LED 6 and received via an infrared sensor 
68. The user can select from a number of pertinent commands or messages on the keypad 54 
and LCD display 52. The unit will then generate a 4A RMS current in the loop of wire 70 that 
passes through the central hole 10 in the electronic assembly 4 of the detonator 2. The current 
is comprised of an audio range frequency, usually 5KHz to lOKUz. The current is further 
modulated on and off (On Off Keying or OOK) in a pattem which allows the transferal of 
ones and zeros. These ones and zeros form binary messages which when checked for 
authenticity, command the detonator 2 to perform certain tasks. A typical command that the 
handheld programmer 50 requests is to set the delay time to a specific value. There is also a 
message to request the currently set delay value without changing it. When the detonator 2 
receives the message, and performs the requested task, it will generate and send a response 
over the infrared link. The handheld programmer 50 will capture this message, and if it has 
met all requirements for validity, will indicate a successful operation on the display 52. 
[0050] The handheld programmer 50 is designed to allow the user to insert a detonator 2, 
set or read a delay time into or out of the detonator 2, and then install the detonator 2 into a 
borehole with ati explosive charge. The handheld programmer 50 has a current loop driver 
circuit 72 that is similar to the one in the blasting unit, just designed to operate over a few 
inches of wire. The software program in the microprocessor 74 allows the user to enter a 
delay via the keypad 54 and request that the detonator 2 be programmed with this value, or 
the user can simply request that the detonator 2 be interrogated to detemiine the time aheady 
prograjcnmed into the detonator 2. In either case, the program will start up the current loop 
driver 72 for one second to power the detonator 2. After the power up, the message is sent 
over the loop 70 to the detonator 2. The detonator 2 processes the message, and then a 
response is sent back to the handheld 50 into the infrared receiver 68. This message is 
processed by the handheld 50, and the results displayed on the LCD display 52. The handheld 
device 50 is preferably powered by a battery 76. 
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[0051] The blaster or blasting unit 100 as shown in Fig. 8 is a portable device that allows 
the operator to present electrical power and electronic communications signals to a loop of 
wire. As shown in Fig. 12, the blaster 100 is connected to a loop of wire 102 that has a 
number of electronic delay detonators 2 installed on it, as previously described. The blaster 
100 is designed to perform a number of key tasks. It will measure the impedaace of the loop 
of wire 102, and adjust its output voltage to achieve a specific desired current value. The 
blaster 1 00 will then apply a sinusoidal wavefomi for a period of perhaps one second to allow 
all detonators 2 installed on the system to accumulate a voltage charge sufficient to power 
each device. The blaster 100 will then, on user command, issue a computer-generated 
communications message that will initiate a time sequence that ultimately results in the 
detonation of each detonator 2. This series of tasks is performed by the blaster 100, which is 
housed in a suitcase-sized case and powered by an internal battery, as described hereinafter in 
more detail. The blaster 100 has a keypad 104, LCD display 106, an "arm" button 108, a 
"fire" button 110, and posts 1 12 to connect the wire loop 102 to the blaster 100. 
[0052] In order to accommodate the wide variety of impedances represented by both a 
variable length of wire 102 and a variable nmnber of detonators 2 in the system, the blaster 
100 has been designed to identify the impedance of the loop (wire 102 and detonators 2), and 
adjust to match it. This is done with a transformer with multiple taps. This transformer is 
identified as the line impedance matching transformer 114 in Fig, 9. The ultimate goal is to 
couple to the loop with a fixed target current level, usually 3 to 4 amperes peak-to-peak. 
Thus, the longer the length of the wire loop, the more power that is necessary to deliver this 
current level. The transformer 114 has a number of taps. The blaster 100, when enabled, will 
drive a test signal out onto the line and measure the current level using a current sense 
transformer 1 16. If it is not adequate to meet the target current, the tap of the transformer 1 14 
is changed. This continues until the target for the electrical current is matched or exceeded. 
Using this method, a wide variety of hne lengths and impedances are accommodated. 
[0053] The blaster 100 is powered internally from a 12V lead acid gel cell battery 118. 
This power source was selected such that a backup power source could easily be suppUed by 
an automotive cable, i.e., a car or tmck battery. The unit then converts this 12VDC source 
through converter 120 to a high voltage source, adjustable under control of the 
microprocessor 122 firom 50 to 200VDC. 

[0054] The last major portion of the blaster is a line driver circuit 124. This circuit takes 
the high voltage and performs a switching operation using an H bridge circuit to create a 
square wave of 5KHz. This high voltage square wave is then passed through the multiple tap 
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transformer 114. Other features of the blaster 100, shown in Fig. 9, are the LCD display 106, 
a keypad 104, a battery charge circuit 126, and buttons 108, 110 for the user to initiate the 
operation. An alternate version for Europe will implement a key disable (not shown). 
[0055] The blasting unit 100 is designed to deliver energy by means of a current signal to a 
loop of wire, and encode communications signals on this current signal in order to deUver fire 
messages to the target detonators. The blasting unit 100 is progranmied to send only fire 
messages. The unit does not have the programming to allow it to modify delay times or read 
them back. These commimications messages are discussed hereinafter in greater detail. 
Referring to Fig. 10, the unit has a 12V gel cell battery 118 that provides power to the unit 
100. There is an option to provide power from an extemal source through taps 128. The 
12VDC goes into a DC/DC converter circuit 130 that provides a microprocessor 122 
controlled voltage to the line driver circuit 124, This converter 130 is capable of dehvering 
50VDC to 200VDC and as much as 600W of power to the remainder of the unit. The line 
driver circuit 124 is a bridge circuit, controlled by a switch mode circuit 132. It generates a 
5KHz square wave at the center taps. A capacitor 134 feeds the primary of transformer 1 14. 
This capacitor 134 prevents the primary of the transformer 114 from saturating. The 
transformer 114 provides multiple taps on the output to allow a correct match to the 
impedance of the loop of wire in the field. The secondaries are connected through a bank of 
relays 136 that allow the selection of one of the secondaries for connection the outside loop 
via taps 112. There is a current sensor 116 that allows the microprocessor 122 to carefiiUy 
select the correct secondary tap on the transformer 114. The unit has a power arm button 108 
and a fire button 110. The unit 100 also has an LCD display 106 and a keypad 104 to allow 
the user to make desired settings. 

[0056] The blasting unit 100 has a microprocessor 122 that is programmed to operate the 
unit. Upon pressing the power button 108 the unit begins an initiation sequence. A flowchart 
is shown in Fig. 11. An introduction message is shown on the LCD display 106. The line 
transformer 114 is set to tap 1, and the DC/DC converter 130 is set to its lowest voltage. The 
program then increments the voltage command to the DC/DC converter 130, and monitors 
through sense transformer 1 16 the current flowing in the output pair 112. If the current level 
reaches a minimum setting, typically set to 3 to 4 amperes, the unit stops changing the 
voltage. If the command to the DC/DC converter 130 reaches a maximum, and the current 
has still not arrived at the minimum value, then the program will set the unit to the next tap 
on the transformer 114, Starting the DC/DC command at the lowest setting again, the 
program then repeats the ramp process with the intention of reaching the current setpoint. 
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[0057] Once the program reaches the target output current, the unit updates the LCD 
display 106 with the current data. The unit will present this full power waveform to the 
output loop for a full second, such that every detonator 2 on the line has a chance to 
accumulate a full charge. The LCD display 106 is updated once again, indicating to the user 
that the fire button 110 may be pressed. The fire button 110 can now be pressed, and when it 
is, the fire message is encoded onto the current loop. This fire message will trigger the 
detonators, and the user can now release the buttons. 

[0058] The primary distinction that separates this design of this detonator system from all 
existing approaches is the implementation of a current loop, as opposed to a voltage pair, to 
transfer power and communications. Please refer to Fig. 12. This method allows the use of a 
transformer 24 (with the hole 1 0 in tiae center of the electronic assembly 4) to couple current 
to each and every detonator 2. Also, where a voltage pair will be susceptible to voltage drops 
and interference, the current loop will deUver an equal amount of charge energy to every 
detonator on the system, as well as being extremely impervious to interference from outside 
influences. This transformer coupled solution is susceptible primarily to magnetic coupling, 
which is a form of electromagnetic interference which is much harder to develop. The area 
inside of the loop in this system is also minimized, returning along the same path, and is thus 
even harder to influence. Additionally, the value of current and frequency employed in the 
system is such that it would take a truly massive interference source to impact the reliability 
and safety of the system. This method of connecting the detonators allows the blaster 100 to 
use plain insulated wire, making point-to-point connections in the loop on the surface. This 
surface connection does not use a connector of any sort, and allows the installer to go back 
and reconnect or reconfigure the network at will. 

[0059] In addition to the novel topology of the wire loop, a unique communications 
method is employed. The current waveforms presented to the loop are broken into packets. 
The frequency of the arrival of these packets is the same, but the duty cycle is changed. This 
duty cycle adjustment on a bit-by-bit basis allows the encoding of binary messages within the 
power being delivered at the same time. Messages are formed from the individual bits, and a 
number of separate commaads can be established and delivered to the detonators. 
[0060] A second communications method exists within the sj^tem. Each electronic delay 
detonator 2 has within it an infrared LED 6, as described above. When used with the 
handheld programmer 50, described above, status and information messages can be sent back 
from the detonator 2 to the handheld programmer 50. 
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[0061] The system of detonators 2 and a blaster 100 are interconnected with a novel 
method. This method incorporates a long loop of wire, where each detonator is connected 
into the loop with the wire passing once through the center of the detonator 2. The loop of 
wire that passes through the detonators on a typical project can be any length from 100 
meters (test modes only) to 5000 meters of wire. The wire is laid out in a pattem that 
resembles a pair in some ways, but is really a loop (Fig. 12). There is no end termination so to 
speak. The wire 102 leaves the blaster 100, travels over land, down the first hole, through the 
detonator once, back up the hole, and on to the next detonator. This continues on until all 
detonators have been threaded with the wire once, and then the wire is returned to the second 
terminal 112 on the blaster 100. It may be of some advantage to return this wire along the 
same path as it traveled out in the first place. The goal is not to resemble a twisted pair, but 
instead to minimize the area inside of the loop, and thus reduce the coupling of the loop to the 
earth in a magnetic mode. This same return path is not essential, though. Since the wire run is 
in the forni of a loop, with no termination resistance to speak of, it is susceptible to standing 
waves. Fortunately, at the audio frequencies that the unit operates, these standing waves are 
not significant, and have been overcome by usmg shghtly more current, 
[0062] A similar current loop system is utilized between a handheld programmer and a 
single electronic delay detonator. As shown above in connection with the handheld 
programmer 50, the detonator 2 is installed within a safety chamber. Referring to Fig. 6, a 
single conductor is passed through the center of the detonator 2, which is then powered by the 
handheld programmer 50 with the same current waveforms as are present in a fiiUy installed 
field application. 

[0063] The system of detonators is wired together with a single current loop of wire. 
Referring to Fig. 12, the final field installation is comprised of a blasting unit 100 and a 
number of individual detonators 2. The wire 102 is laid out in a loop that goes from the 
blaster 100, through the respective detonators 2, and back to the blaster 100. Electrical 
contact is not established between the loop 102 and the detonators 2, only a magnetic 
coupling. 

[0064] Referring to Fig. 13, the current on the loop is comprised of a waveform of 
typically 5KHz. The current is established with a sinusoidal waveform with a value of 
between 3 and 5 A peak to peak, depending on the length of loop and number of detonators. 
As shown in Fig. 13, the waveform is turned on and off in order to convey a message. This is 
commonly referred to as On Off Keying or OOK. 
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[0065] Referring to Fig. 14, the on and off patterns of the carrier are timed to form binary 
bits. The period between the start of the carrier is always 5 msec, and thus the bit data rate is 
200bps. Whenever the carrier is on for 4 msec and off for 1 msec, the bit is considered to be a 
zero. Whenever the carrier is on for 1 msec and off for 4 msec, the bit is considered to be a 
one. These two timing relationships are the only ones permitted on the current loop. 
[0066] The stream of zeros and ones are used to carry messages to the detonator(s). 
Referring to Fig. 15, the ones and zeros are now formed into a standard asynchronous word, 
with a single start bit (1), eight data bits, and a stop bit (0). Messages are then formed with 
these eight bit bytes. 

[0067] The messaging scheme consists of the powering of the loop and the detonators, 
followed by the transmission of a message, and for two of the three messages, the reply via 
infrared with a message from the detonator. The detonator derives power from the loop for a 
fiill second before any message reception is expected. The imit gradually builds up a charge 
on a capacitor during this one second, until 25 to 29VDC are present on the capacitor. 
Referring to Fig. 16, the power charge cycle is shown between times t=0 msec and t=1000 
msec. The detonator will respond to two of the messages, namely set delay and read delay, 
with an infrared transmission. This infrared signal consists of groups of 38 K Hz to 40KHz 
On/off cycles of the Infrared LED in the detonator. These IR bursts last for about 260 msec. 
Each burst is detected by an IR receiver within the handheld, and converted to a pulse stream. 
Each burst becomes a 400 to 500 msec pulse. The pulses are spaced apart at 2500 msec, or 
400 bits per second. The detonator spaces these bursts in such a way so as to generate a start 
bit, eight data bits, and a stop bit. These asynchronous words are then used to convey a 
message. 

[0068] The infrared message is sent from the detonator to the handheld. It consists of five 
bytes, hex FF, delay hi, delay low, error byte, and checksimi. The hex FF is sent to assist the 
handheld programmer m locking on to the incoming bits accurately. The high and low delay 
bytes are abutted to form a 16 bit delay word. It is simply a repeat of the word that is stored in 
nonvolatile memory. It is scaled in increments of 1/32768 seconds. The error byte encodes a 
number of possible detonator failure indications. Bits 0, 1, and 2 encode four possible fiise 
head drive circuit fault conditions. Bit 4 indicates that the nonvolatile memory is frill. The 
checksum confirms the validity of the message. 

[0069] The user of the handheld programmer may elect to send a new delay time to the 
detonator on hand. This message consists of a new delay command ID byte, the delay hi byte, 
the delay low byte, and the checksum. This message stores the delay in 1/32768 second 
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increments. The new delay is stored in nonvolatile memory and an infrared confirmation 
message is sent. The user of the handheld programmer may elect to send a read current delay 
time message to the detonator on hand. This message consists of a read delay command ID 
byte and a checksum. The delay that is stored in nonvolatile memory is read out and an 
infrared confirmation message is sent. 

[0070] The fire message is only sent by the blasting unit. It consists of three fire messages, 
which allows each and every detonator three chances to receive a valid fire message and 
initiate timing operations. The sequence of bytes is Fire command ID byte, Fire tag 1, 
checksum, fire command ID byte. Fire tag 2, checksum. Fire command ID hyto. Fire tag 3, 
checksum. If a detonator receives a valid tag 1 message, it will set a count-up timer for 600 
msec. If it misses tag 1 and receives tag 2, it sets a time-up counter for 400 msec. If it misses 
tags 1 and 2, and receives tag 3, it will set a count-up time for 200 msec. Regardless of which 
message is received, the count-up timer on all detonators arrive at the same time T=0 time 
together. Count down and detonate times are executed from this common reference point. 
[0071] The present invention, as described hereinabove, includes a combination of key 
features which form a system of components that are used to program, install, and detonate a 
complete system. In the preferred embodiment of this system, three components are included: 
1) a programmable electronic delay detonator multiples of which would be used for a single 
shot/blast operation; 2) a handheld programmer, which allows the user to set delay 
characteristics into each detonator before it is installed in Ihe ground; and 3) a blasting unit 
which is used to power up and command a complete network of detonators to explode in the 
intended sequence and at the correct delay timings. 

[0072] An important distinction that separates the design of the detonator system of the 
present invention from all prior art systems is the implementation of the current loop, as 
opposed to a voltage pair, to transfer both power and communications. The arrangement of 
the present invention allows the use of a transformer to couple current from either the 
blasting unit or the handheld device to each and every detonator. Whereas a voltage pair 
would be susceptible to voltage drops and interference, the current loop of the present 
invention will dehver an equal amount of charge energy to every detonator in the system. In 
addition, the current loop is extremely impervious to interference from outside influences. 
The design of the present invention is robust to the point of being able to withstand lightening 
strikes at a distance that is much closer than the relatively sensitive voltage coupled systems. 
In other words, the voltage system is hard coupled to each and every detonator, as well as the 
fuse head and, as such, any ground potentials which exist will produce a voltage difference 
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between the individual detonators. This dangerous exposure to detonation does not exist with 
the transformer-coupled system of the present invention, as this system offers complete 
galvanic isolation at each and every detonator. La addition, the voltage coupled system would 
be susceptible to primary electrostatic interference, which includes lightening and radio 
signals. The transformer coupled solution of the present invention is susceptible primarily to 
magnetic coupling, which is a form of electromagnetic interference which is much harder to 
develop. The area inside of the loop in this system is also minimized, preferably returning 
along the same path, and is even harder to influence. Additionally, the magnitude of the 
current and frequency used in the present system is such that it would take a truly massive 
interference source to impact the reliability and safety of the system. The method of the 
present invention of connecting the detonators allows the blaster unit to use plain, insulated 
conductive wire, making point-to-point connectors in the loop on the surface. This surface 
connection does not use a particular connector of any sort, and allows the installer to go back 
and reconnect and reconfigure the network as desired. 

[0073] A second advantage of the detonator system of the present invention is the 
incorporation of an infrared or other wireless feedback signal that is sent back by the 
detonator at the time of programming of the time delay. The transformer coupled loop 
requires relatively large driving signals to make a coupling of the signal and, as such, the 
detonator cannot respond back via the wire loop. Therefore, the detonator accepts any 
conunand messages, executes them and responds with the results of the operation over the 
infrared link. This simple check-back feature allows the programmer to be absolutely certain 
that the detonator is ftmctional, healthy, has the proper delay, and is ftiUy operational before 
that detonator is installed into the ground. 

[0074] A ftirther advantage of the present invention is the ability to accommodate a variety 
of lengths of wire between the electronics module and the actual detonable capsule. Whereas 
other hard wired systems may become susceptible to electrostatic discharge, the system of the 
present invention does not expose the circuit between the detonator itself and the electronics 
controlling the detonator to the remainder of the system wiring. Therefore, development of 
imsafe voltage potential is significantly more difficult. The distance between the electronics 
and the detonator head can be anywhere from one inch to ten feet. 

[0075] A ftirther advantage of the detonator is the manner in which the system is 
programmed with delayed times. There are two methods used to perform this. In a first 
embodiment, the handheld programmer is used to program a delay time into the detonator 
memory. When the blast or shot is performed, the blaster simply issues a global fire 
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command to the loop and all detonators operate based on their time delays. In another 
alternative, each detonator is programmed at the site using a serial numbering system. Each 
detonator is preferably programmed with a unique serial number during manufacturing. This 
number can be modified over the loop with a message, but this would be done only at the 
factory. During field installation, each detonator would be scanned by a handheld device to 
retrieve the serial number of that detonator. The handheld device will organize these delays in 
a graphic display. When all of the detonators are installed, then the blaster reads all the serial 
number data from the handheld unit. Delay times would then be assigned to individual 
detonators and stored. When the loop is powered up during final blasting, the blaster unit will 
then send each detonator a delay which matches the respective serial number for a particular 
unit. In this type of a system, delay times can be adjusted after the detonators are installed in 
the groxmd, if such changes are necessary. In the preferred embodiment discussed above, the 
delay times are programmed into the detonator at the site by the handheld unit. 
[0076] A further advantage of the present invention is the manner of verification of 
detonator electronic safety. Any electronic system must use some form of switch to energize 
the fuse head. If there was a failure of this switch element, then there exists the potential of a 
false trigger on initial power up. In the present invention, this initial power up would be at the 
time of programming, on the surface, of the delay time. This is not a desirable event, so a 
failure detection and avoidance system has been developed in the present invention. The 
electronic circuit that triggers the detonator is comprised of four main circuits: a high and a 
low circuit are present to allow the application of solid power, which has no inherent current 
lioiit. This pair of circuits is present for firing the detonation. A second pair of circuits and 
the soft switches are present with a resistor in series with each other in order to apply no fire 
test currents. On power up, the circuits are wired such that a failure of the microprocessor 
would render them all non-energized. Assuming the microprocessor does run, a test program 
applies a low side soft switch. If the high side hard switch is off, the detonator will pull to a 
low potential. If the high side switch side is on, indicating a shorted or defective circuit, then 
the detonator will not go to this low potential and a fault is detected. The test proceeds to the 
next phase, where the high soft circuit is turned on. The detonator should go to a high 
potential. If not, the low side hard switch is defective. At this point, it is assured that no 
shorted switches are present. Now, a high side hard switch and a low side soft switch are 
turned on. A no fire current should flow. If not, the high side hard switch is failed open. If 
this test passes, the low side hard switch and high side soft switch are energized, achieving 
the opposite test. If this test passes, all four circuits are considered to be present and 
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operational. This arraagement will allow a single point of failure to occur and yet be detected 
without an accidental firing. Having satisfied this detonator test, the detonator is quaUfied as 
being completely safe and operational. 

[0077] A further advantage of the system discussed above is the manner of protecting a 
detonator jSrom receiving a fire message when it is being programmed with the handheld unit. 
Commimications protocol allows for three messages including set delay, read delay, and fire 
detonation. Abort is accomplished by removing power and allowing the storage charge in the 
storage capacitor to decay. Non-fire voltage will be achieved in less than approximately ten 
seconds. Nevertheless, the simple method of protecting against a bad fire message is two 
fold. The handheld is not programmed with the data necessary for generating a fire message. 
In addition, the command message is comprised of sending a single byte for the command, as 
well as a checksxmi. Unless the bytes match and the checksum is correct, no action is taken. 
In order for a single byte to be misinterpreted as a different command, four bits must be 
improperly inverted. In addition, a one byte checksum is added to the end of the message and 
would have to be properly calculated to allow the message to be validated. The likelihood of 
the message meant to program the delay or read back the value could be interpreted as a fire 
message is very small. 

[0078] Furthermore, there is a second facet of the message protocol which is included to 
ensure a robust system. It is imperative that a shot never goes off at the wrong time. By the 
same token, it is almost as important that a shot never be left without a firing message, since a 
borehole with live material in it after a shot is quite dangerous. This requirement is met with 
two design features. When a fixU shot system is fired up, all detonators must be synchronized 
and also begin timing down at the same time. In order that no shot be left out of the firing, the 
fire message is sent three times. Assuming all detonators have been given three chances to 
capture a valid fire signal, all of them are now precisely synchronized to the same reference 
time line. In addition, if a valid fire message has been received, and a time count is iti 
progress, then the blasting unit will monitor voltage on the charge capacitor used to fire the 
detonator. If this voltage nears the no fire voltage before the final time has expired, then the 
unit will fire at that instant, before the charge is too low. Therefore, if there is a poor quality 
capacitor in the detonator, or if a shock wave has caused damage to the capacitor, then the 
shot will be performed early. This out of sequence behavior, which will be the exception to 
the rule, is considered to be more desirable than leaving live material in a hole after a shot. 
[0079] The invention has been described with reference to the preferred embodiment. 
Obvious modifications and alterations will occur to others upon reading and imderstanding 



wo 02/099356 PCT/US02/18157 

23 

the preceding detailed description. It is intended that the invention be construed as including 
all such modifications and alterations insofar as they come within the scope of the appended 
claims or the equivalents thereof. 
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THE INVENTION CLAIMED IS 

1 . An electronic delay assembly which can be connected to an explosive 
detonator having a fuse head therein and effect the firing of the detonator in a controlled 
raanner, said electronic delay assembly comprising; 

a) a magnetic coupling device having an opening thereia 
configured to receive a conductive wire extending therethrough, with said magnetic coupling 
device generating output signals based on currents passing in the wire; 

b) a system power reservoir coimected to the magnetic coupling 
device and storing electrical energy therein based on power signals passing in the wire 
extending therethrough and generated by the magnetic coupling device; 

c) a microprocessor which has internal, nonvolatile memory 
therein and which receives its operating power from the system power reservoir; 

d) a decoder which is connected to the magnetic coupling' device, 
decodes communications signals passing in the wire extending therethrough and generated by 
the magnetic coupling device, and supplies those decoded communications signals to the 
microprocessor; and 

e) a trigger circuit connected between the system power reservoir 
and the fuse head in the detonator for supplying, under the control of the microprocessor, 
electrical energy from the system power reservoir sufficient to fire a detonator connected 
thereto. 

2. The electronic delay assembly of claim 1, further including a wireless 
communications link connected to and controlled by the microprocessor, with said wireless 
communications link providing information regarding the current status of the operation of 

i 

the microprocessor or data stored therein. 

3. The electronic delay assembly of claim 2, wherein the wireless 
communications link is an infrared light emitting diode. 

4. The electronic delay assembly of claim 1, wherein the power signals 
generated by the magnetic coupling device are supplied to a power rectifier which supplies its 
output power to the system power reservoir. 
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5. The electronic delay assembly of claim 4, wherein the power rectifier 
is a fiill wave diode bridge rectifier. 

6. The electronic delay assembly of claim 1, wherein the system power 
reservoir is a capacitor. 

7. The electronic delay assembly of claim 1, wherein the decoder is a 
pulse discriminator. 

8. The electronic delay assembly of claim 1, wherein the magnetic 
coupling device is a toroidal transformer. 

9. The electronic delay assembly of claim 1, fiirther includes a clock that 
supplies timing signals to the microprocessor. 

10. The electronic delay assembly of claim 1, further including a power 
regulator that receives power from the system power reservoir and supplies regulated voltage 
to the microprocessor. 

IL The electronic delay assembly of claim 1, further including a low 
voltage threshold which monitors the voltage on the system power reservoir and supplies this 
voltage to the microprocessor such that if the voltage on the system power reservoir drops 
below a predetermined value, the microprocessor will fire the trigger circuit and provide 
power to the fuse head, provided that a valid fire command had been previously received. 

12. The electronic delay assembly of claim 1,, wherein the trigger circuit 
includes a pair of switches linked together, such that both switches must be activated by the 
microprocessor before power is supplied from the system power reservoir to the fuse head. 

13. The electronic delay assembly of claim 12, wherein the trigger circuit 
includes four circuits that form the power of switches, including a high side hard drive, a low 
side hard drive, a high side soft drive and a low side soft drive. 
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14. The electronic delay assembly of claim 13, wherein the 
communications signals passing through the wire and generated by the magnetic coupling 
device include test signals for testing the function of the four drives in the trigger circuit, in a 
manner that if any drive has a fault therein, the assembly will not accidentally trigger the 
passage of power to the fuse head and cause aa accidental explosion. 

15. The electronic delay assembly of claim 1, wherein the communications 
signals passing through the wire and generated by the magnetic coupling device include 
timing signals which store in the nonvolatile memory of the microprocessor a specific 
detonation time delay. 

16. The electronic delay assembly of claim 1, wherein the communications 
signals passing through the wire and generated by the magnetic coupling device include 
control signals for activating the electronic assembly to fire, at a pre-programmed delay, a 
detonator attached thereto. 

17. The electronic delay assembly of claim 2, wherein the conmiunications 
signals passing through the wire and generated by the magnetic coupling device include 
timing signals firom an extemal programming device, with the timing signals stored in the 
nonvolatile memory of the microprocessor forming a detonation time delay for the electronic 
assembly, and with the detonation time delay so stored in the microprocessor supplied back 
to the programming device through the communications link to confirm the accuracy of the 
detonation time delay stored in the microprocessor. 

18. A method of programming a detonation time delay into the electronic 
delay assembly of claim 1, comprising the steps of: 

a) placing the electronic delay assembly in a programming imit 
and passing a conductive wire through the opening in the magnetic coupling device; 

b) passing a power signal through the wire which, in turn, causes 
electrical energy to be stored in the system power reservoir of the electronic delay assembly; 

c) selecting the desired delay time for the electronic delay 

assembly; 
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d) passing a communications signals through the wire with the 
desired delay encoded therein which, in turn, causes the decoder to supply the desired delay 
time to the microprocessor; 

e) storing the desired delay time m the nonvolatile memory of the 

microprocessor; and 

f) removing the programmed electronic delay assembly j5:om the 

programming unit. 

19. The method of claim 18, further including the steps of testing the 
operation of the trigger switch and discarding any electronic delay assembly which fails this 
testing. 

20. A method of programming a detonation time delay into the electronic 
delay assembly of claim 2, comprising the steps of: 

a) placing the electronic delay assembly in a programming xmit 
and passing a conductive wire through the opening in tlie magnetic coupling device; 

b) passing a power signal through the wire which, in turn, causes 
electrical energy to be stored in the system power reservoir of the electronic delay assembly; 

c) selecting the desired delay time for the electronic delay 

assembly; 

d) passing a communications signals through the wire with the 
desired delay encoded therein which, in turn, causes the decoder to supply the desired delay 
time to the microprocessor; 

e) storing the desired delay time in the nonvolatile memory of the 

microprocessor; and 

f) communicating the actual stored delay time via the 
communications link back to the progranmiing unit and repeating steps (d) and (e) if the 
actual stored delay time does not match the desired delay time; and 

g) removing the programmed electronic delay assembly from the 
programming unit after the actual stored delay time matches the desired delay time. 



21. The method of claim 20, janther including the steps of testing the 
operation of the trigger switch and discarding any electronic delay assembly which fails this 
testing. 
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22. A method of conducting a blasting operation, comprising the steps of: 

a) providing the electronic delay assembly of claim 1, with a 
detonator attached thereto; 

b) programming a desired time delay into the electronic delay 

assembly; 

c) passing a conductive wire of a desired length through the 
programmed electronic delay assembly; 

d) instalUng the programmed electronic delay assembly aad 
attached wire and detonator at a particular location; 

e) repeating steps (b) to (d) for each location in a blast site; 

f) connecting the wires attached to each electronic delay assembly 
in a wire loop to a blasting unit; 

g) carrying out the detonation of the programmed electronic delay 
assemblies and attached detonators by means of power and communications signals supplied 
over the wire loop and through the magnetic coupling device in each electronic delay 
assembly; 
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